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The experiments of Gye (1) on  the  etiology of  malignant  growth, 
based on a  study of the Rous chicken sarcoma, have attracted much 
attention.  His conclusions offer an explanation not only of the cancer 
problem,  but  also,  indirectly, of that of the nature of other types of 
filterable viruses.  A  repetition of his work has been undertaken in a 
number of different laboratories.  At least four reports of such work 
have already reached the literature,--those of Murphy  (2), Harkins, 
Schamberg, Kolmer, and Kast (3), Flu (4), and Cori (5).  The results 
published in these papers differ widely among themselves, and all are 
at variance with those of Gye. 
Gye believes  that  tumors in  general  are caused  by a  filterable virus prob- 
ably common to  all  tumors irrespective of  variety  or source and  capable of 
growth in ~tro.  Under experimental conditions,  this  virus  is  unable  to  infect 
without the aid of another factor which ruptures the defense of the cell.  In the 
case  of  filterable chicken  tumors,  such  an  agent  is  present,  which  is  readily 
separable  from the cells.  He calls this the "specific factor," since it is effective 
only in chickens to produce always  the  same  type of  tumor from which  it  is 
derived. 
These conclusions are based, primarily, on two types of evidence.  In the first 
place, Rous sarcoma filtrates, when centrifuged for an hour at 9000 revolutions 
per minute, are separated into a  sediment and a  supernatant fluid,  neither of 
which, alone, appears to be capable of producing a tumor in chickens,  but, when 
injected together, will do so.  Gye admits that it is difficult to get clear-cut re- 
suits with this technique, and Flu, who is the only one to have published his 
experiences in attempting to repeat this phase of the work, obtained one positive 
result out of three experiments, but feels that it is unwarranted to draw definite 
conclusions  from this without further controls.  The second and  main line of 
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proof is more difficult to carry out, and subject to more theoretical and practical 
criticism.  Specific factor from  the  Rous  sarcoma is obtained by treating the 
filtrate with chloroform under definite conditions, which is supposed to kill the 
virus.  Preparations of the latter are supplied by cultures of the Rous sarcoma or 
of various rat and mouse tumors, and, in one case. of a  human  mammary car- 
cinoma.  In all of Gye's published protocols the injection of either factor alone, 
in a quantity of 1.0 cc. into a chicken, gave no result, while a mixture of 0.5 cc. 
of each always produced a large tumor in 2 weeks or less., 
Gye's primary tumor cultures were made by adding 1 gm. of the tumor to 5 
cc. of Hartley's broth plus 0.2 per cent KC1, to which was added 1.0 cc. of rabbit 
serum.  Subcultures were made by transferring a  loopful of a  primary culture, 
after 4 days' anaerobic cultivation at 36  ° in a McIntosh and Fildes jar, to similar 
media containing a fragment of 10 to 14 day chick embryo.  Subcultures of the 
Rous  sarcoma as far as the  twelfth generation were found  to  be active, while 
only primary cultures of the mammalian tumors were used. 
Gye does not include protocols in his paper in which uninoculated tubes of 
Hartley's broth containing rabbit serum and embryonic tissue are used as con- 
trois after incubation.  Murphy (2)  reports on three short experiments in which 
successful reactivation of the chloroformed filtrates by means of tumor cultures 
was  shown  and in  which reactivation with such  uninoculated controls was also 
positive, and  believes the  results are due to  an  acceleration of  a  partially de- 
stroyed agent  by means  of some substance common to  rapidly growing  tissues 
such  as tumor,  embryo, or placenta. 
Cori (5) reports one similar experiment out of eleven, the other ten being nega- 
tive.  Flu (4)  carries Murphy's criticism a  step further  and reports successful 
reactivation not only with tumor cultures and embryo "cultures," but also with 
similarly prepared cultures of liver and kidney tissues from both chickens and 
guinea pigs. 
On the other hand, Harkins, Schamberg, Kolmer, and Kast (3) obtain different 
results.  If enough  chloroform is added to  the  Rous  sarcoma filtrates so  that 
tumors are not produced by the injection into chickens of this substance alone, 
the addition of tumor cultures made according to Gye's methods does not restore 
infectiousness. 
It should be stated at this time that the results to be described in this paper are 
in accord with those of Harkins, Schamberg, Kolmer, and Kast.  Before entering 
into a consideration of the possible reasons for the divergence of results in different 
laboratories our experiments may be presented. 
Methods. 
The writer wishes to acknowledge with thanks the assistance obtained in several 
letters from Dr. Gye, and in conferences with Dr. Max Cutler.  It has been our 
aim to follow Gye's directions in attempting to repeat his experiments.  These 
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The Tumor.--Dried tumor of the Rockefeller chicken tumor No.  1 (Rous sar- 
coma), marked "Desiccation 31, VII, 1, 25" was kindly supplied us by Dr. Rous. 
Injection of a small quantity of this, suspended in Ringer solution, into the breast 
muscle of chickens led to the production of tumors in about 14 days, with death 
in  3  to  4  weeks.  From  such  tumors,  inoculations of  cells, desiccated or gly- 
cerolated tissue or filtrates have  uniformly produced tumors  in  1  to  2  weeks. 
Metastases have been frequent, but  not invariable, to liver, heart muscle,  and 
lungs.  In many cases they have not been looked for, since the local tumor has 
been  the important point in  the work.  Microscopic examination has  also not 
been  made  of  all tumors,  but  when  done,  the  picture  agreed with  the  earlier 
published descriptions of  the  tumor.  We  have  had  little diffi.culty with  con- 
taminated  cultures.  Instead  of  soaking  the  chicken  in  lysol, before  excising 
tumor tissue for culture, we have found it more convenient, and equally satis- 
factory, to kill the chicken quickly, dip for a  moment in boiling water, strip off 
the feathers for some distance around the site of the tumor, and paint the skin 
with strong iodine. 
Gye and Andrewes (6) have published the interesting observation that the Rous 
sarcoma occasionally undergoes a change in properties becoming "non-filterable." 
The tumors we have used have not invariably been tested, but they have at inter- 
vals passed  through medium  Berkefeld filters (no more failures than one would 
expect in this type of experiment), and have survived glycerolation for 3 days or 
longer. 
The  Chickens.--Most  of the experiments have been carried out on pure bred 
Barred Rock chicks of 6 to 8 weeks of age.  While the tumor usually appears in 
10  days, there have  been  instances of much  later development,  and  to  guard 
against overlooking tumors, the chickens have been kept for 3 months after inocu- 
lation, or until death from intercurrent disease occurred. 
Sand Filtrates.--Made exactly  as described by Gye and Andrewes (6) and filtered 
through sand and paper pulp in an apparatus similar to his.  It has usually been 
necessary to use gentle suction in order to get the material through in a reasonable 
length of time, and the Ringer suspension has occasionally  been centrifuged for a 
short time to hasten subsequent filtration.  The sand filtrates have, with a single 
exception, proved to be highly infectious, producing rapidly growing tumors in 
quantities of from 0.1 cc. to 0.01 cc. or even less. 
While the proportionality which  Gye stresses between quantity injected and 
size and rate of growth of tumor holds to a certain extent, it has not impressed us 
as being sufficiently striking to serve as the basis for a theory that a chemical sub- 
stance and not a living agent is involved.  In point of fact, while Gye bases the 
reasoning for his experiments upon this observation, he nevertheless always uses a 
quantity of virus culture equal in amount to the chemical specific factor, whereas, 
if his hypothesis holds, a trace should be sufficient. 
After a  number of preliminary experiments in which ordinary chloroform was 
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in a dark bottle in the ice box, in order to avoid the action of possible impurities 
on the filtrate.  It was found that tumor filtrates varied considerably in their 
resistance to the action of the reagent.  A number of experiments were wasted in 
attempting with a  single quantity of chloroform to produce a  suitable specific 
factor.  The results showed almost uniformly either a development of tumor with 
both specific factor control and mixture, or no tumor with either.  Gye states 
that he uses "a few drops" of chloroform, sufficient to saturate, but not a large 
excess.  We found that filtrates could be saturated, as shown by the presence of 
droplets of the reagent at the bottom of the tube after mixing, and still be infec- 
tious after 3 hours' incubation at 37°C.  A larger excess led to complete inactiva- 
tion so that it was not possible to reactivate by any virus tried and, as stated above, 
the amounts necessary to bring about these results varied from one tumor to the 
next 
In order to avoid this variation, desiccated tumor material was used for the 
preparation of some of the chloroform filtrates, since it must contain both "specific 
factor" and "virus."  By preparing a quantity of this from a single large tumor, 
it  should be possible to  have uniform material for  a  number of  experiments. 
Three or four different portions of the same sand filtrate were used in each experi- 
ment, and varying amounts of chloroform measured in with a  fine,  graduated 
pipette instead of being added in drops.  It was noted that where Gye's directions 
for adding the chloroform were followed,  i.e.,  allowing it to run down the side of 
the tube so that a portion floated on the surface, followed by incubation at 37 ° 
for half an hour before mixing, most of that which floated was lost by evaporation, 
and the quantity subsequently mixed with the filtrate was less, and in the case of 
quantities as small as 0.05 cc.,  markedly less than it was intended to add.  In 
some of the experiments we therefore mixed the chloroform with the fluid immedi- 
ately after adding by means of drawing up repeatedly in a capillary pipette, and 
again mixed at the end of 30 minutes in the same way. 
At the end of 3 hours the chloroform was removed by suction, by means of an 
oil pump.  A great deal of frothing always took place, which made it necessary 
to transfer the fluid to a suction flask before carrying out this step, and to apply 
the suction carefully for some minutes.  After a time the frothing ceased, and the 
full force of the pump could be used to obtain violent boiling.  In transferring 
the material to the suction flask, the greater part of the excess chloroform usually 
remained adhering to the test-tube as an emulsion. 
The protocols of the experiments in which desiccated tumor tissue was used will 
be given later, together with a discussion of the results.  Since in general the ex- 
periments were not satisfactory, further work was done, following the same plan 
by again using filtrates from fresh tumors. 
Virus Preparations.--Several  different lots of Hartley broth were used in the 
course of the work.  Beef muscle, ox heart, and horse muscle were all tried, but 
no difference was apparent.  Gye, in a personal communication, asserts that not 
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which ones are suitable.  He says, further, that in carrying a strain of the virus 
along in culture, at some stage the organism may die out, producing what he 
calls a "stop."  Further subcultures from such a  tube always produce negative 
results.  Primary cultures of either chicken or mammalian tumors, he says,  do 
not require rabbit serum, but subcultures will never succeed without it.  These 
facts make it extremely difficult to know whether negative results may not be due 
to faulty cultures, and there seems to be absolutely no way to control them.  In 
the early stages of the work "passage strains" of the Rous sarcoma were used. 
It was readily shown that primary cultures were infectious, and aerobically grown 
primary cultures which Gye occasionally used as virus (oxidation, according to 
his theory, destroying the specific factor rather quickly) usually gave positive con- 
trols in our hands.  Upon receiving the above details as to cultures from Dr. 
Gye, we changed the character of our cultures, omitted the rabbit sera, and used 
only primary cultures of the Jensen rat sarcoma, or some other transplantable 
rat or mouse tumor.  Controls containing  chick embryonic tissue or rat or mouse 
embryo and placenta have been frequently used. 
After 48 hours' anaerobic incubation, the jar is opened and the tubes examined 
grossly and by streaking out on blood agar, for contaminations.  They are then 
returned to the jar and incubated 2 days longer before use.  At the time of using, 
any contaminated tubes, as shown by the blood agar cultures, are discarded, the 
remainder are examined by stained smear.  Several tubes of each type of culture 
are always made and before use the uncontaminated tubes of the same material 
are mixed together.  This would seem to be the surest way of getting a serviceable 
virus preparation.  In some cases the jar has not been opened at the end of 2 
days, but inspection and stained smear at the time of use have been relied upon. 
Cultures made on blood agar plates at the time of using, as a check on the smear, 
usually, but not invariably remain sterile.  There is, in general, little difficulty 
about contamination when the ordinary precautions of bacteriological technique 
are followed.  If, however, a tumor is used which has begun to ulcerate, practically 
every tube is unavoidably contaminated. 
Injections  and  Method  of Control.--A small amount of  sterile Kieselguhr is 
added to each preparation and the tube shaken before drawing up the material 
into the syringe.  Where mixtures of specific factor and virus are made, the solu- 
tions are pipetted separately into a clean tube, the greatest care being taken not 
to contaminate  one tube with the contents of another.  Injections  have been made 
into the muscles of the breast, legs, and upper wing. 
The question of a  suitable method of control is a  most puzzling one, and at 
the same time, is of the utmost importance.  There is a certain amount of differ- 
ence in susceptibility to small quantities of the agent even in young Barred Rock 
chicks.  Hence, one can never be sure that a negative control with 1.0 cc. in one 
chick, and a take with 0.5 cc. in another chick is significant  unless it happens con- 
sistently.  Beside the individual resistance, there is some other factor which the 
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quantity of material of reduced infectivity injected into both sides of the breast 
of a number of chickens may give in one chicken no takes, in another takes on both 
sides, and, what is still more important, in still others takes on one side and not on 
the other.  Probably some such element as the quantity of Kieselguhr, the degree 
of trauma, the relation of the injected material to large vessels or lymphatics, or 
the amount of hemorrhage, all factors beyond control, is the determining point. 
This statement will be illustrated in later protocols.  Now, if controls are done in 
separate chickens, considerable numbers must be done or they are without sig- 
nificance.  If they are done in the same chickens, the work is open to theoretical 
criticism for this reason:  Granting that two substances, A and B, are necessary 
to produce the lesion, if A is injected at one site, B at another, and A and B at a 
third, it is conceivable that A or B may not remain localized, but may enter the 
circulation, be carried to another site, and finding there B or A substance, produce 
a false positive control.  One has the choice of two evils.  Probably the only safe 
procedure is to use both types of controls, and do the experiment on a large scale, 
so that numbers will offset individual and chance variations. 
Criteria for Judging Results.--From what has been said, it is evident that one 
cannot  expect every experiment of this type to be satisfactory.  It is equally 
evident, if the theory is to hold, that in a single experiment the results should be 
consistent.  That is to say, if thirty or forty chickens are done, many of them 
duplicates or triplicates, it should be evident in viewing the protocols that  the 
same thing is taking place throughout that particular experiment.  It is entirely 
without significance to pick out two or three chickens and, neglecting the others, 
accept a probably fortuitous result as an experimental fact.  It is true that there 
may be a perfectly reasonable difference of opinion as to the significance of such 
an experiment, but one should have the opportunity of drawing his own conclu- 
sions from a complete protocol.  We do not mean, necessarily, that every chicken 
used should be accounted for, although by doing this very thing, Harkins and his 
collaborators have presented a valuable piece of work, but within a given experi- 
ment, at least, all should be described, and where only a  few chickens are used 
enough  similar experiments should be done and described to show whether the 
result is an accident or not. 
This point of view has been reached after using a large number of chickens in ex- 
periments of this type.  Many of these, in the earlier part of the work, where only a 
few were used  at  a  time, need not be presented here,  since they were frankly 
negative in  results,  either from  the  use  of too much  or  too little  chloroform. 
Commencing with the work with desiccated tumor in which more chickens were 
used,  each  experiment  will  be  summarized.  Unfortunately,  an  epidemic  of 
coccidiosis  killed a number of the chicks in the experiment of May 28 and it has 
been impossible to completely eliminate the infection from the flock.  Evidence 
of it has appeared in all subsequent experiments as occasional deaths with extreme 
emaciation. 
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factor.  A large rapidly growing tumor was excised, from which 60 gin. of fairly 
healthy tissue was obtained.  This was minced and frozen.  It was then trans- 
ferred to a  desiccator containing P205,  the air was exhausted with an oil pump, 
and the desiccator then placed in an ice box until the material was completely dry. 
It was then ground, and preserved over P205 in the dark.  0.75 gin. of this dried 
material, considered to be equivalent to  about 5.0 gm. fresh tumor, was ground 
with sand and 100 cc. Ringer solution, filtered through a  sand filter, and  chloro- 
formed in the usual manner.  Three quantities of 20 cc. each were prepared, 0.1 
cc., 0.6 cc., and 1.0 cc. respectively of chloroform being used, and the preparations 
designated as Cll, C12, and C13.  In this preparation Gye's directions for chloro- 
forming were followed.  The virus used was a  mixture of several tubes of third 
generation Rous sarcoma culture, containing chick embryo but no serum,  because 
of a misconception as to the permissibility  of omitting serum not only from primary 
cultures but from passage tubes. 
Chick  Date of death 
No.  Injection  or  killing  and 
autopsy  finding 
1 CIt  -- I.  5 cc. 
2  Cll -- I.  5 cc. -F V  -- O.  5 cc. 
1 Ch--  1.0 cc. 
2 Ch --1.0 cc. +  V--0.5 cc. 
1 Ch-- 0.5 cc. 
2 CI~-- 0.5 cc. +  V--O.5  cc. 
1 Cll -- 0.1 cc. 
2 CI~--0.1 cc. +  V--0.5 cc. 
I C11 -- O.  05 cc. 
2 C11--0.05 cc.  +  V--0.5 cc. 
5112  - 
+ 
5/It  - 
5/17  - 
+ 
7/17  - 
6~st  + 
Chicks 6 to 17--injected according to same protocol with CI~ and Cla V.  No 
tumor resulted in any of them. 
t  Chickens marked thus died on the date shown either from the tumor or from 
intercurrent  disease,  mostly  extreme  emaciation  (following  coccidiosis?)  with 
occasional instances of chicken paralysis and undetermined causes.  Where the 
symbol is omitted, and it is not stated otherwise, it is signified that the chicken was 
killed on that date or missing without record subsequently. 
The  tumors  developing at  the  site  of  the  injection  of  the  mixture 
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at  the  site  of  injection  of  chloroform filtrate  alone  in  a  quantity  of 
only 0.05  cc.  and illustrate our main point  that not only variation in 
chickens  but  some  uncontrollable  variation  at  the  site  of  injection 
itself may determine formation of a  tumor.  It will be noted that since 
no serum was added to these virus cultures, no living virus should have 
been present in  these  tubes,  and  consequently,  no accelerative action 
expected. 
Experiment  May  12,  1926.--Sand  filtrate  prepared  from  desiccated  tumor. 
Eight tubes of 10 cc. each divided into four pairs, and chloroform added to each 
tube, as follows:  1st pair, 0.02 cc. each, 2nd, 0.03,  3rd, 0.04,  and 4th, 0.05  cc. 
Water bath half an hour, mixed with capillary, and water bath 2{ hours longer. 
Each pair of similar tubes was mixed and the  chloroform boiled out in vacuo. 
It was noted at time of mixing with capillary that all of the chloroform added to 
one tube of the first pair had evaporated from the surface, the quantity being too 
small to form a  drop of sufficient  size to sink.  The preparations are as usual 
marked Cll, C12, C13, and CI,. 
Virus preparations are as follows: 
V1--4 day primary anaerobic Mouse Sarcoma 180 sterile by smear, but shown 
later by culture to be contaminated. 
V~--4 day primary anaerobic Rat Sarcoma 10 sterile by smear and culture. 
Va--Uninoculated  tube  of  10  day chick embryo in  Hartley broth,  4  days' 
anaerobic incubation, sterile. j.  HOWARD  M UELLER  251 
Chick  Injection  Date of death  Result 
No.  or killing  1  2 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
1 CII:-- 1.5 cc. 
2  Cl1~  1.5 cc.  VI-- 0.5 cc. 
/ 
1 Cll -- 1.0 cc. 
2  CI~-- 1.0 cc.  V1-- 0.5 cc. 
1  C~--  0.5 cc. 
2 C!a -- 0.5 cc.  V  a-- 0.5 cc. 
1 Cll--  1.5 cc. 
2 Cll--  1.5 cc.  V~-- 0.5 cc. 
1 Cll --  i. 0  cc. 
2  CI~-- 1.0 cc.  V2--  0.5 cc. 
1 Cll--  0.5 cc. 
2 Cll--0.5 cc.  V~-- 0.5 cc. 
1 Cll--  1.5 cc. 
2  C11-- 1.5 cc.  Vs--  0.5 cc. 
1 Cll --  1.0 cc. 
2  CI~-- 1.0 cc.  Vs~  O. 5 co. 
1 Ch--0.5  co. 
2Cl1--0.5cc.  V8--0.5cc. 
1 CI~-- 1.5 cc. 
2 CI~-- 1.5 cc.  V1--0.5  cc. 
1 C12--  1.0 cc. 
2 C12-- I. 0 cc.  V1 -- O. 5 co. 
1 C12 --  O. 5 cc. 
2 C1~--0.5 cc.  V:-- 0.5 cc. 
1 CI~-  1.5 co. 
2 Ch-- 1.5 cc.  V~-- O..5 cc. 
1  CI, ~  1.0 cc. 
2 CI~-- 1.0 cc.  Vs -- O. 5 cc. 
1 C1, ~  O. 5 co. 
2  Ch--0.5  co.  V2-- 0.5 cc. 
6/13t 
6/10 
6/21t 
6/7 
7/23 
6/lst 
6/5 
6/13t 
6/9t 
7/27 
6/16t 
7/17t 
6/21 
S/~9t 
6/7t 
++ 
-4- 
++ 
+ 
++ 
+ 
+ 
+ 
m 
++ 
+ 
++ 
++ 
++ 
++ 
++ 
++ 
m 
+ 
++ 
++ 
++ 
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Chick  Date of death  Resutt  No.  Injection  or killing  1  2 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
i  C12-- 1.5 cc. 
2 C12-- I. S cc.  V~-- O. 5 cc. 
1 C12-1.0  cc. 
2 Cl=-- 1.0 cc.  Vs--0.5  cc. 
1 Cls -- 0.5 cc. 
2Cls--0.Scc.  V~--0.Scc. 
1 Cla --  1.5 cc. 
2 C1,-- 1.5 cc.  Vl -- 0. S cc. 
1 Cls-  1.0 cc. 
2 Ch--  1.0 cc.  V1--0.S cc. 
1 CI= -- 0.5 cc. 
2 Ch--0.5  cc.  VI--0.5  cc. 
1 Ch --  1.5 cc. 
2 Ch--  1.5 cc.  Vs-- 0.S cc. 
1 CI~-- 1.0  cc. 
2 CI=--  1.0  cc.  V=--  O.  S  cc. 
1 Cls-- O. 5 cc. 
2 Ch--0.5  cc.  V2-- 0.S cc. 
1 Ch-  1.5 cc. 
2 Cls-- 1.5 cc.  Va-- 0.5 cc. 
I  CII --  1.0 cc. 
2 Cls -- 1.0 cc.  Vs-- 0.5 cc. 
I  Ch--  0.5 cc. 
2 C1,--0.5 cc.  Vs--0.5  cc. 
1 Ch-  1,5 cc. 
2 C1, -- 1.5 cc.  V~ -- O. 5 cc. 
1 Cl~-- 1.0 cc. 
2C14--1.0cc.  Vt--0.Scc. 
1 Ch--0.5  cc. 
2 C14--0.5 cc.  VI-- 0.S cc. 
6/21t 
6/13t 
8/14 
7/17 
5/28t 
7/17 
s/21 
9/8 
7/4* 
6/2 
9/8 
918 
6/9t 
8/14 
7/11t 
++ 
-4- 
m 
u 
M 
++ 
* No tumors at site of injections.  Body cavity full of tumors. J.  HOWARD MUELLER  253 
Chick 
No. 
48 
49 
50 
51 
52 
53 
Injection 
1 CI~ --  1.5 cc. 
2  CI~ ~  1.5 cc.  V2-- O. 5 cc. 
1 Ch--  1.0 cc. 
2 C14 -- 1.0 cc.  V2 ~  O. 5 cc. 
1 CI~-- O. 5 cc. 
2 CI.-- O. 5 cc.  V~-- O. 5 cc. 
1 C1,-  1.5 cc. 
2 C14-- 1.5 cc.  Vt--0.5 cc. 
1 CI~ m  1.0 cc. 
2 C1, -- 1.0 cc.  Va ~  O. 5 cc. 
!  CI,-- O. 5 cc. 
2 CI,-- O. 5 cc.  VI-- O. 5 cc. 
Date of death 
or killing 
7/4t 
7/23 
7/23 
6/21t 
617 
7123 
Result 
I  2 
++ 
The  specific  factor  Ch  was  obviously  insufficiently  treated  with 
chloroform since most of that added to one of the tubes was noted to 
evaporate  from  the  surface  during  the  first  half-hour's incubation. 
Chicks  47  and  51,  injected  with  the  specific  factor  receiving  the 
largest  amount  of  chloroform,  are  suggestive.  However,  No.  47 
received  VI,  a  culture  later  found  to  be  contaminated,  and  No.  51 
received Vs,  an  uninoculated  chick embryo control.  It seems  justi- 
fiable  to look on  these  as  entirely accidental.  Certainly one should 
expect  a  more  striking  effect on many of  the  other  chickens  before 
accepting these as evidence of a satisfactory experiment. 
Experiment May 28, 1926.--Two lots of 35 cc. each of sand filtrate  from desic- 
cated tumor treated with 0.07 cc. and 0.14 co. respectively,  of chloroform, mixed 
at once with pipette, placed in water bath at 37  °, and mixed again at the end of 
half an hour; after a total of 3 hours, chloroform removed in vacuo; noted as Cll 
and C12 respectively. 
The following virus preparations used, all 4 day anaerobics: 
Vx--Rat Sarcoma 10--sterile on culture. 
VI--Mouse Sarcoma 180---sterile on culture. 
VabMouse Carcinoma D Br B---sterile on culture. 
Vr--Rat embryo. 
Vj--Rat placenta. Ch~k 
No. 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
Injection 
1 Cll -- 1.5 cc. 
2 ClI -- 1.5 cc. +  Va -- O. 5 cc. 
1 Clt -- 1.0 cc. 
2 Cll--  1.0 cc. +  Vx--0.5  cc. 
1 Cll --  O. 5  cc. 
2 Cll~  0.5 cc. +  Vt--0.5  cc. 
1 ClI ~  1.5 cc. 
2 C11 -- 1.5 cc. +  V~-- O. 5 cc. 
1 CI~ -- 1.0 cc. 
2 Clx -- I. 0  cc. -{- V2 -- O. 5 cc. 
1 Clx -- 0.5 cc. 
2  Cl1--0.5  cc. +  V2--0.5  cc. 
1 Ch -- 1.5 cc. 
2  Cll -- 1.5 cc. +  V~ -- O. 5 cc. 
1 Cll-  1.0 cc. 
2  Cll --  1.0 cc. +  V3 -- O. 5 cc. 
1 Cll -- O. 5 cc. 
2 Cll -- O. 5 cc. +  V8 -- O. 5 cc. 
1 Clx -- 1.5 cc. 
2  Ch -- 1.5 cc. +  V, -- O. 5 cc. 
1 CI~ -- 1.0 cc. 
2 Cli -- 1.0 cc. +  V4 -- O. 5 cc. 
1 CI~-- 0.5 cc. 
2  Cll -- O. 5 cc. +  V4 -- O. 5 cc. 
1 Cll--  1.5 cc. 
2  Ch -- 1.5 cc. +  Vs-- O. 5 cc. 
1 Ch--  1.0 cc. 
2 Cli--  1.0 cc. +  V6-- 0.5 cc. 
1 Cll --  O. 5 cc. 
2 Ch --0.5  cc. +  V6 --0.5  cc. 
Date of death  Result 
or killing  1 
Missing 
++ 
7/6  -* 
9/8** 
++ 
6/27t 
Missing 
6/16t 
8/6 
714  ++ 
6/29 
6/lt 
6/25t  ++ 
++ 
7/24t 
6/lOt 
7/26t  ++ 
9/8**  4- 
* A  tumor formed at this site in 3  weeks but had completely retrogressed when 
the animal was killed. 
** StlU living. 
Chicks 69 to 83 were injected according to the same scheme, with C12 instead of 
Cll.  No tumors whatever resulted in these animals. 
A  large per cent of these chicks died of a  coccidial infection too soon to show 
tumors.  Most of the others were in bad condition and a  number have died in the 
course  of  the  summer  in  an  extremely  emaciated  condition.  It  is sufficient to 
point out here again the lack of uniformity of results. 
254 Experiment June 18, 1925.--Desiccated tumor.  Cll and C12 contained respec- 
tively 0.05 cc. and 0.10 cc. chloroform to 25 cc. filtrate. 
V1--Mouse Carcinoma D  Br B culture. 
V2--Primary aerobic Rous sarcoma culture, 8 days old. 
Vs--Mouse embryo plus mouse placenta. 
V4--Chick embryo. 
V1, V3, and V4 were incubated 4 days in anaerobic jar. 
All preparations were sterile on culture. 
Chick  Injection  Date  of death 
No.  ot killing  Result 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
1 Ch --  1.0 cc. 
2 Ch-- 0.5 cc. +  Vt-- 0.5 cc. 
1 Clt --  1.0 cc. 
2 Cll -- O. 5 cc. +  VI -- O. 5 cc. 
1 CI, --  1.0 cc. 
2 Clt-- 0.5 cc. +  Vt--0.5 cc. 
1 Cll --  1.0 cc. 
2 C11--0.5 cc. +  V2~0.5  cc. 
1  CIt --  1.0 cc. 
2 Clt -- O. 5 cc. +  Vz ~  O. 5 cc. 
1 Clt --  1.0 cc. 
2 Cll --  O. 5 cc. +  Vs -- O. 5 cc. 
1 Cll-  1.0 CC. 
2 Cll -- O. 5 cc. +  Vs -- O. 5 cc. 
1 Clt-  1.0 cc. 
2 Cll -- 0.5 cc. 4- V3 -- 0.5 cc. 
1 C11-- 1.0 cc. 
2 Cll -- 0.5 cc. +  V, -- 0.5 cc. 
1 Clt --  1.0 cc. 
2 Cll--0.5 cc. 4- V4--0.5 cc. 
1 Cll --  1.0 cc. 
2 C11 --  0.5 cc. 4"- V4 -- 0.5 cc. 
1 Clt --1.0  cc. 
2 Clt -- 0.5 cc. +  V( -- 0.5 cc. 
8116 
7/16 
8/10t 
7/23t 
7/23f 
7/13t 
8/7f 
7/lf 
9•8* 
6/29"[" 
8/16 
8/27 
m 
++ 
++ 
++ 
++ 
++ 
++ 
m 
++ 
++ 
B 
m 
w 
m 
Nos. 96  to  108  done exactly as  the above, with  C12  instead of CIt, were all 
negative on both sides. 
* Still living. 
One need only refer to the first seven chickens of this protocol to note the type 
of variations which occur in these experiments. 
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Experiment June 27.1Sand  filtrate from a fresh tumor was used in this experi- 
ment.  Four 15 cc. lots, designated ClI,  C12, C18, CI,, were treated as usual with 
0.045, 0.09, 0.18, and 0.36 cc. chloroform respectively. 
Vl--Jensen rat sarcoma. 
V~--Uninoculated chick embryo. 
Both grown 4  days anaerobically and sterile on subculture to blood agar. 
Chick  Injection  Date of death  Results 
No.  or killing 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
1 Cll-  1.0 cc. 
2 Cl~lO.5  cc. +  V1--0.5 cc. 
1 CI~ 1  1.0 cc. 
2 Cll --0.5  cc. +  V2 --0.5  cc. 
1 Cll --  1,0 cc. 
2 Cll--0.5  cc. +  V1--0.5 cc. 
1 C11-  1.0 cc. 
2 C1~--0.5 cc. +  V2-- 0.5 cc. 
1 C11 --  1.0 cc. 
2 Cll -- O. 5 cc. +  V2 -- O. 5 cc. 
1 C11 --  1.0 cc. 
2  C11 -- O. 5 cc. +  V2 -- O. 5 cc. 
1 Ch-  1.0 cc. 
2 C12 -- 0.5 cc. +  VI -- 0.5 cc. 
1 Ch--  1.0 cc. 
2 CI~-- 0.5 cc. "k V~ --0.5  cc. 
1 Ch--  1.0 cc. 
2 C12--0.5 cc. +  V1-- 0.5 cc. 
1 CI~-- 1.0 cc. 
2  CI~-- 0.5 cc. +  V2-- 0.5 cc. 
1 Ch-  1.0 cc. 
2 C12-- 0.5 cc. +  V2-- 0.5 cc. 
1 Ch--  1.0 cc. 
2 C12 -- 0.5 cc. Jr V~ -- 0.5 cc. 
1 C18-  1.0 cc. 
2 C18-- 0.5 cc. -k V1--0.5 cc. 
7/8t 
7/10t 
7/13t 
7/13t 
V13t 
7/lot 
7/16t 
71i6t 
7/19 
7/1st 
7/lOt 
V13t 
7/4t 
++ 
++ 
++ 
++ 
1 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
m 
++ 
++ 
m 
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Chick 
No. 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
Iniection 
1 C13-1.0  cc. 
2 C13 -- 0.5 cc. +  V1 -- 0.5 cc. 
1 Ch -- i. 0 cc. 
2 C18 -- 0.5 cc. +  Vt -- 0.5 cc. 
1 C13 -- 1.0 cc. 
2 Ch--0.5  cc. +  V~-- 0.5 cc. 
1 CIs-  1.0 cc. 
2 C18-- 0.5 cc. +  V~--0.5 cc. 
1 Ch--  1.0 cc. 
2 Ch-- 0.5 cc. +  V~--0.5 cc. 
1 Ch-- 1.0 cc. 
2 Ch--0.5  cc. +  Vt --0.5 cc. 
1 C14-  t.0 cc. 
2 C14- 0.5 cc. +  Vt --0.5 cc. 
1 Ch-- 1.0 cc. 
2 Ch--0.5  cc. +  Vt-- 0.5 cc. 
1 Ch -- 1.0 cc. 
2 Ch--0.5  cc. +  V~-0.5  cc. 
1 C14-- 1.0 co. 
2 CI~ -- 0.5 cc. +  V2 -- 0.5 cc. 
1 Ch-  1.0 cc. 
2 Ch--0.5  cc. +  V2--0.5 co. 
Date of death 
or killing 
8/tSt 
7117t 
V31t 
7/27t 
8/lot 
8/26 
711 
918"* 
8/16 
8/7 
8/3 
Results 
+ 
+ 
++ 
++ 
++ 
++ 
m 
+ 
++ 
* This chicken had previously shown a small tumor at Site 1, which at time of 
death (extreme emaciation), had retrogressed. 
** Still living. 
In this experiment it is evident that in Cl4, a  preparation was used which just 
failed to infect most of the chickens.  Active agent was obviously still present, 
yet there was no evidence of activation by anything present in the virus prepara- 
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Experiment July 18, 1926.--Sand filtrate from a  fresh tumor  made  as usual. 
Cll,  C12, and  C13 contained respectively 0.09,  0.18,  and 0.36 cc.  chloroform to 
15 cc. filtrate. 
V1--Jensen sarcoma primary culture. 
V2--Mouse  embryo  and placenta. 
Both incubated 4  days anaerobically, sterile by subculture. 
Chick 
No, 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
Injection 
1 CI~ -- 1.0 cc. 
2 CI~ --0.5  cc. +  Va --0.5  cc. 
1  Cll --  1.0 cc. 
2 Cll -- 0.5 cc. +  V~ -- 0.5 cc. 
1  Cll-  1.0 cc. 
2  Cll -- 0.5 cc. +  V1 -- 0.5 cc. 
1  Cll --  1.0 cc. 
2 Cll -- 0.5 cc. +  V~ -- O. 5 cc. 
1  Ch --  1.0 cc. 
2  CI~ -- O. 5 cc. +  V2 -- O. 5 cc. 
Date  of death 
or killing 
9/8* 
9/lo 
9/8* 
8/21t 
8/29t 
1  Clx --  1.0 ce. 
2 Cll--0.5  cc. +  V~0.5  cc. 
1  C12 --  1.0 ce. 
2  C12 -- 0.5 cc. +  V1 -- 0.5 cc. 
1  Ch --  1.0 cc. 
2 Ch--0.5  cc. +  V1-- 0.5 cc. 
1  Ch--  1.0 ee. 
2 C12 -- O. 5 cc. +  V~ ~  O. 5 cc. 
1 Ch --  1.0 cc. 
2  Ch--  0.5 cc. +  V2 ~  0.5 cc. 
1  C12--  1.0 cc. 
2  C12-- 0.5 cc. +  V2--O. 5 cc. 
1Ch--l.0cc. 
2 Ch--0.5  cc. +  v2--  0.5 cc. 
8/16 
9/8* 
9/8* 
9/8* 
9/8* 
9/8* 
W8* 
Results 
m 
++ 
+ 
++ 
± 
B 
m 
m 
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Chick  Injection  Date of death  Results  No.  or killing 
145 
146 
147 
148 
149 
150 
1 CI.--  i. 0 cc. 
2 C13 -- 0.5 cc. +  Vl -- 0.5 cc. 
1 CI~-- 1.0 cc. 
2 C1, -- O. 5 cc. +  VI -- O. 5 cc. 
1 C18-- 1.0 cc. 
2 C1,--0.5 cc. +  V1--0.5 cc. 
1 C1, ~  1.0 cc. 
2 Cla-- 0.5 cc. +  V~--0.5 cc. 
1 C18-  1.0 cc. 
2 C1,-- 0.5 cc. +  V2-- 0.5 cc. 
1 C13-  1.0 cc. 
2 Cla -- O. 5 cc. +  V2 -- O. 5 cc. 
9/8* 
9/8* 
9/8 
9/8* 
9/8* 
8/lO 
+ 
B 
m 
B 
++ 
Here again there is no evidence of reactivation of chloroform filtrates still con- 
taining slightly active agent, by the virus preparations used. 
GENERAL DISCUSSION. 
If one summarizes the results of the larger experiments, and enumer- 
ates the results only of those chickens into which  chloroform filtrates 
were  injected,  giving  less  than  about  50  per  cent  control  takes,  the 
following result is obtained.  70  chickens injected with specific factor 
in  one  side,  and  with  a  mixture of specific factor and  virus  into  the 
opposite side were completely negative.  Four were positive  on both 
sides.  Fifteen  showed  a  take  from  the  specific  factor  alone,  and 
twelve  from  the  mixture  only.  These  occasional  single  takes  with 
control or mixture were interspersed  in  the same experiments, and  the 
figures would  seem to establish definitely that such results in work of 
this kind  are  completely without significance.  We should like, there- 
fore,  to  suggest  that  in  the  presentation  of further  studies  on  this 
subject, enough consecutive protocols be published to make very clear 
to the reader the general trend of the experiments, and that to guard 
even here against accidental variations, plenty of controls be included 
in  each experiment. 
If we  assume,  however,  as we must,  that  all the  work done  so  far 260  EXPERIMENTAL  STUDY OF  GYE~S CANCER THEORY 
has been based upon amply controlled experiments, is there any way 
in which the discordant results can be either harmonized or explained? 
There are four types of findings to be considered.  Chloroform filtrate 
from the Rous sarcoma has been found to be reactivated (1) by nothing 
(Harkins, Schamberg, Kolmer, and Kast, and the writer);  (2)  only by 
virus obtained from tumors (Gye); (3) by extracts of tumor, embryonic 
tissue,  and  placenta,  i.e.,  rapidly  growing cells  (Murphy  and  Cori); 
and  (4)  by extracts  of tumors,  embryo  tissue,  and  normal liver  and 
kidney (Flu). 
In  Gye's  original  paper  he  does  not  mention  controls  of  normal 
tissue.  In  a  later  discussion  of  his  work  (7),  however,  he  stated 
that  he  had  controls  with  media  containing  embryonic  tissue  with 
negative results and subsequent information satisfies us that Dr.  Gye 
has given the attention to this form of control which one would expect 
from  such  an  experienced  worker.  Murphy,  in  his  turn,  does  not 
mention attempts to use normal adult tissues, such as liver and kidney. 
One  is  therefore  left  in  doubt  as  to  whether  his  results  might  not 
harmonize with those of Flu.  Obviously a positive experiment of this 
type must have more weight  than  a  negative,  and  one  cannot help 
feeling that a sufficiently controlled series of experiments in the hands 
of those who appear to be able to make the phenomenon work at all, 
should  settle  this  point.  Should  the  activating  principle  obtained 
by  Gye  from  tumor  tissue  be  obtainable  also  from normal  tissues, 
obviously his hypothesis must be incorrect. 
Why should an experiment which is simple in theory, and not highly 
complicated in practical aspects, lead to three or four different results 
in  as  many  laboratories?  The  variable  factors  entering  into  the 
work  are  three,  or  at  most  four,  i.e.,  the  tumor itself,  the  specific 
factor,  the virus, and possibly the strain of chickens used.  The last 
of these can probably be ruled out, since there is pretty general agree- 
ment  about  the  susceptibility  of  Barred  Plymouth  Rock  chickens. 
The  tumor,  however,  is  a  completely unknown  element.  It  is  a 
fact,  well recognized by  those who have had  experience with  trans- 
plantable  mammalian tumors, that a  most extreme variation,  almost 
periodic in  some cases,  is  shown by  neoplasms in  the percentage of 
takes in susceptible animals.  For this, no adequate explanation has 
been  advanced.  Moreover,  it  has  been  shown by  Gye  (6)  that  the 21.  HOWARD  MUELL~ER  261 
Rous  sarcoma may  suddenly change its  properties  and  for  several 
generations be not transmissible by filtrates, glycerolated or desiccated 
tissue, but only with living cells, and then as suddenly regain its usual 
properties.  It is conceivable, therefore, that in many generations of 
growth in different laboratories,  tumors  originating  from  a  common 
source should have so altered their properties along somewhat different 
lines  as  to  account  for  marked  variability  in  behaviour  in  such  a 
method as  Gye's.  This  could  be  completely ruled  out  only by  an 
exchange of tumor strains and might be worth checking up. 
The  specific factor  can  be proved  to  be  satisfactory only  if  it is 
known that the virus is right, and vice versa.  In other words, in the case 
of negative results such as our own, it is almost impossible to say which 
factor is at fault, or whether both are wrong.  For example, does our 
chloroform, especially purified though it has been, contain a  trace of 
something which destroys the  chemical specific factor more rapidly 
than the virus?  If not, then in most of our larger experiments we have 
had preparations which should have been satisfactory, for a  range of 
destructive  action  has  been  shown  from  obviously  too  little  to  a 
probable  excess, through the range between the two, some of which 
should  have  represented  the  correct  amount.  No  such  indirect 
method  of  control  is  possible,  however,  for  the  viruses.  One  can 
only  hope  to  get  satisfactory  cultures  by  following  as  closely  as 
possible the directions set down by Gye.  We do not consider here the 
possibility  of  checking them by  ultra-violet photography according 
to the method of Barnard (8), because of obvious technical difficulties. 
Very  slight  differences in  culture media,  contamination  with  other 
organisms perhaps not recognizable by the usual methods of smear and 
subculture, or some entirely unrecognized difference in method may 
have meant that we have never once had a suitable virus preparation. 
It is worth noting, in this  connection,  that  our  cultures  were often 
slightly turbid, although no bacteria could be demonstrated in them. 
We believe the turbidity to have been due to the acid reaction known 
to be developed by tumor tissue in the presence of certain sugars.  If 
this takes place in a  solution containing tissue ~uices and serum, one 
expects a  certain amount of clouding or precipitation of protein, and 
we have attributed  the phenomenon, perhaps wrongly, to  this cause. 
If it should subsequently be shown that Gye is right, we should be 262  EXPERIMIENTAL  STUDY OF  GYE'S  CANCER TH]~ORY 
inclined to consider that our virus preparations have been consistently 
at fault, since error in regard to the other factors seems less likely. 
The impossibility of controlling any of the  three factors  entering 
into the work of course detracts considerably from the value of purely 
negative results like our own.  But we feel that in a subject as impor- 
tant as this, any evidence bearing upon the problem should be placed 
as soon as possible at  the disposal of others who may be interested. 
CONCLUSIONS. 
It  is  obviously impossible  to  draw  definite conclusions  as to  the 
significance of the differences between our work and  Gye's, and still 
less, of the differences between Gye's work and that of Murphy and of 
Flu.  We can only say that in a fairly large series of experiments, extend- 
ing over a period of 12 months, we have had absolutely no indication 
of the necessity of two factors in the production of the Rous sarcoma. 
In other words, we have been unable to duplicate either the results of 
Gye or the modified confirmations of his work by Murphy and Flu. 
We  have shown  that  uncontrollable local and  individual variations 
may produce results in occasional chicks which simulate satisfactory 
experiments, but when viewed as a whole, mean nothing.  Because of 
the conflicting nature of results obtained by those who have under- 
taken  to  repeat  the work,  and on  account of the difficulty of  con- 
trolling  all  factors involved,  we do  not  feel  that  it  may  be  stated 
definitely that Gye's theory of the cause of cancer is wrong.  On the 
other hand the theory apparently needs more evidence in its support 
if it  is  to  receive further serious  consideration.  It  is  suggested,  in 
order  to  Untangle  the  subject  as  rapidly  as  possible,  that  future 
publications  should include sufficient consecutive protocols  to  make 
the trend of the experiments obvious to the reader. 
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